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Abstract. The problem of pollution with nitrates and nitrites of the natural environment is very relevant nowadays. The purpose of this 
research was to study the morphological features of the myocardium in pregnant rats and their newborn pups exposed to chronic hemic 
hypoxia induced by sodium nitrite. The changes in the contractile apparatus of cardiomyocytes were atrophy and lysis of myofibrils 
which were most pronounced at the periphery of the cardiomyocytes, near the capillaries. A similar condition of the microcirculatory 
vessels accompanies absolutely all types of cardiomyopathies, regardless of the genesis of the disease. Cell-stromal relationships 
on the background of chronic myocardial ischemia cause destructive processes of myocardial remodeling. The final morphological 
outcome of prolonged hypoxic heart damage can be focal dystrophy of the myocardium, which leads to the development of chronic 
heart failure and the appearance of life-threatening arrhythmias.
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1. Introduction
The protection of human health is becoming the main pre-
rogative of our time. As a result of anthropogenic activity 
mankind increasingly alienates itself from the nature and 
evolutionary processes that contributed to the formation 
of the adaptive mechanisms of the organism. A person 
becomes a hostage of technological progress, experienc-
ing the pressure of other conditions created by himself 
-
trogen compounds (this includes nitric and nitrous acids, as 
well as their salts: nitrates, nitrites and all nitrogen oxides) 
are now attracting special attention. They enter the human 
body mainly by food and drinking water in the form of 
nitrates and nitrites (Gupta et al., 2000). There are other 
ways of getting these substances into the body (through the 
lungs, the skin), however, that exposure is playing a rela-
tively minor role (Feron, 2001).
Nitrogen dioxide, entering the atmosphere with the ex-
haust gases of cars and then by contacting the lung epithe- 
lium forms nitric and nitrous acids, which after dissocia-
tion into nitrite and nitrate ions are able to convert hemo-
globin into methemoglobin (Riobo et al., 2001). Nitrates 
and nitrites are also widely used as medicines – in cardiol-
ogy as vasodilators acting on smooth muscle cells of veins 
and arteries (Feelisch & Noack, 1987). Now it is proved 
that nitrites are constantly present in the body endogenous-
ly, synthesized by human itself, and the synthesis occurs at 
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any level of nitrates in the diet and drinking water (Gupta 
et al., 2000). A number of reasons, among which the pollu-
tion of food products is primarily due to the excessive use 
of nitrogen fertilizers in agriculture, contributes to nitrate-
nitrite intoxication. In this case almost all organs and tis-
sues are affected in the human body and animals (Bacon, 
1997). Nitrates and nitrites are considered capable of caus-
ing carcinogenic processes.
The problem of pollution with nitrates and nitrites of 
the natural environment continues to remain very relevant. 
Along with heavy metals and pesticides, they are the most 
common pollutants of the environment. Nitrate-nitrite 
pressure growing in many countries of the world poses 
a real danger to public health. A significant part of this load 
is associated with the supply of nitro compounds (primarily 
nitrates) with drinking water. According to WHO, in some 
containing nitrates at concentrations above the permissi-
ble level (50 mg / l for NO3) (Craun et al., 1981). Nitrates 
that come from outside or are formed endogenously are 
partially converted into nitrites, which are 10 times more 
toxic than their predecessors. They determine the degree of 
danger of nitrate load on the human body. It is known that 
nitrates and nitrites have an adverse effect on many body 
systems (immune, endocrine, cardiovascular, nervous, etc.) 
Harmful effects on the body can be imposed by:
–  products or individual food substances (proteins, ami-
no acids) obtained by chemical or microbiological 
–  crop products obtained using irrationally applied fer-
–  livestock and poultry products obtained using improp-
erly used feed, feed additives and preservatives (min-
eral and non-protein nitrogenous additives, growth 
–  harmful substances that migrated to foods from “food 
equipment”, utensils, inventory, packaging, packag-
–  harmful substances formed in food products (they are 
called impurities of endogenous origin) due to heat 
–  products containing metabolites of microscopic fun-
gi (mycotoxins), formed due to non-compliance with 
the sanitary requirements of the technology of obtain-
–  products containing harmful substances that migrated 
1997).
The clinical picture of acute nitrite/nitrate poisoning is 
manifested by neurological symptoms: general weakness, 
severe headaches in the occipital region, lack of mobility, 
dizziness, darkening in the eyes, impaired coordination of 
motion, in severe cases – convulsive twitching, hypore-
flexia (Acker & Acker, 2010). To the mentioned above we 
can add that in vitro experiments, the presence of geno-
toxic and mutagenic properties was found in nitrites, the 
possibility of malignant transformation of mouse cells as 
a result of the action of nitrites, as well as the presence of 
carcinogenesis promoter properties in nitrites (Nakagawa 
et al., 2001). The total impact of the listed materials, in our 
opinion, makes it possible to seriously raise the issue of 
drinking water nitrites and nitrites as real factors of cancer 
risk (Fig. 1).
The role of nitrates (NO3) in the formation of nitrosa-
mines in humans was studied. In the digestive tract, under 
the influence of nitrate-reducing microflora, nitrates are 
converted into carcinogenic nitrosamines (Ger et al., 1996). 
The only mechanism that determines the carcinogenic risk 
of oral intake of nitrates and nitrites for a long time, only 
endogenous formation of nitroso compounds was consid-
ered (and this danger really does exist).  Outside the field 
of view of the researchers remained other mechanisms the 
presence of which could be assumed, given the variety of 
possible biological effects caused by the action of nitrates 
and nitrites on the organism  The studies carried out over 
the last two decades have confirmed this. In particular, 
the ability of nitrates and nitrites to modify the process of 
blastomogenesis was proved induced by chemical, physi-
cal and biological factors. Since in real conditions a person 
is exposed precisely to the combined effect of nitrates / 
nitrites and carcinogens, the study of the effects of such in-
teraction seemed to be urgent (Lodovici et al., 1997). There 
is an opinion that NO and its derivatives, formed in tissues 
with inflammatory processes, can contribute to carcino-
genesis. Genotoxicity of NO is associated with reactions 
leading to the formation of O2 and peroxides, which can 
directly or indirectly damage the DNA structure. A direct 
effect leads to the deamination of the nitrogenous bases 
of DNA, the formation of adducts (with the participation 
of peroxynitrite) and the formation of single-strand breaks 
in DNA. The indirect effect is explained by the interaction 
of reaction-active varieties of NO with other molecules, 
for example, with amines, thiols, and lipids. The effective-
ness of the functioning of both these paths is explained by 
the dependence on the state of the antioxidant cell defense 
system or on the presence of free metal cations.
One of the manifestations of acute and chronic intoxi-
cation with nitrates and nitrites is methemoglobinemia and 
hemic hypoxia, which entails a variety of changes in or-
gans and tissues. Hypoxia is one of the most important 
causes and consequence of a number of critical conditions. 
Its trigger mechanism is a violation of the supply of tissues 
with oxygen with the development of multi-organ failure. 
The degree of damage to various organs and systems may 
differ, which largely depends on the initial state and func-
tional capacity of the organs and, to a lesser extent, on the 
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that the results of resuscitation and intensive therapy of any 
critical condition are largely determined by the timeliness 
and adequacy of antihypoxic correction. The diversity and 
severity of the arising disorders in the human body dictate 
the need for the development of comprehensive measures 
and the improvement of therapeutic preventive measures 
aimed at reducing the consequences of nitrite intoxication.
There is no doubt that the origins of many chronic, 
disabling or fatal pathological conditions in adults, includ-
ing diseases of the cardiovascular system, begin in the peri- 
and neonatal period, and some diseases of the neonatal, 
thoracic and older age represent a prolonged pathology 
-
nection, questions of the state of the cardiovascular sys-
tem in newborns after chronic intrauterine, intranatal or 
combined (perinatal) hypoxia (transient posthypoxic myo-
cardial ischemia) are still relevant (Simanonok, 1996). It 
is known that hypoxia of the fetus leads to a violation of 
autonomic regulation of coronary vessels, a deterioration 
in energy metabolism with a sharp decrease in the forma-
tion of macroergic compounds in mitochondria of cardio-
myocytes and sinus node cells (Patterson & Zhang, 2010). 
However, such studies do not disclose the causal relation-
ship between the influence of hemic hypoxia of matter 
and the formation of myocardial dysfunction in a newborn 
The purpose of this research was to study the morpho-
logical features of the myocardium in pregnant rats and 
their newborn pups exposed to chronic hemic hypoxia.
1. Materials and methods
The experimental part was performed on 12 females 
of three-month-old white Wistar rats weighing 180-
200 grams. All manipulations on animals were carried out 
in strict accordance with the “Rules for Conducting Quali-
tative Clinical Trials in the Russian Federation” (approved 
by the Ministry of Health of the Russian Federation and 
enacted on January 1, 1999), the provisions of the Helsin-
ki Declaration (2000) and the recommendations contained 
in the European Community Directives (No 86/609EC). 
Council Directive 86/609/EEC of 24 November 1986 on 
the approximation of laws, regulations and administrative 
provisions of the Member States regarding the protection 
of animals used for experimental and other scientific pur-
poses (Council Directive 86/609/EEC, 1986). For the in-
duction of pregnancy, each female was supplied with ma-
ture mongrel rats from males at a rate of two males per 
four females. Throughout the pregnancy and for 21 days 
(the end of the period of breastfeeding) after the delivery, 
females were injected intraperitoneally with sodium nitrite 
NaNO2 daily, at a dose of 5 mg / 100 g of weight (dose 
Figure 1. Toxic mechanisms of nitrates
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causing moderate hypoxia). During the first day of birth we 
slaughtered adult rats and pups fed by the above-mentioned 
females and after carrying out thoraco- and pericardioto-
my under ether anesthesia, the heart was removed and im-
a temperature of 0ºC) than the cardiac arrest in diastole was 
achieved. For histological examination, samples of the left 
ventricular tissues of the hearts of females and pups were 
were filled into paraffin. Histological sections were made 
eosin and examined with the Olympus CX-31 microscope 
(Japan). Preparation of material for the ultramicroscopic 
examination was carried out according to the standard pro-
cedure (Zadnipryany et al., 2017).
2. Results and discussion
It was revealed that similar pathomorphological changes 
were observed in the myocardium of the experimental fe-
males and newborns. Regardless of the diameter of the 
blood vessels in the myocardium of females who suffered 
pregnancy on the background of the influence of chronic 
hemic hypoxia the phenomena of hemodynamic distur-
bances were widely observed manifested by perivascular 
edema, venous plethora, desolation and spasm of arteri-
oles. In this case the nuclei of endotheliocytes in spasmod-
ic arterioles due to edema of the cytoplasm were visually 
displaced closer to the lumen of the vessels. In the perivas-
cular space, thin layers of connective tissue were defined, 
as well as moderate circular cell proliferation (Fig. 2).
The microcirculatory unit of the vascular component 
of the myocardium was full-blooded, often the phenom-
ena of stasis of erythrocytes was observed in capillaries, 
precapillaries and arterioles. Precapillary edema was re-
corded in almost all females, and the degree of its expres-
sion varied significantly. In some capillaries endothelio-
cyte rounding was observed, manifested by the bulging of 
the endothelial cell nuclei into the capillary lumen, which 
was regarded as a compensatory reaction, which, howev-
er, reduced their metabolic functions and the nourishment 
level of the local cardiomyocytes, which was confirmed by 
the slide-staining data.
Cardiomyocytes of females demonstrate a pronounced 
polymorphism of the nuclei. Most frequently the shape 
of the nuclei of cardiomyocytes was oval, with indistinct 
wave-like contours, which may indicate a violation of the 
heart rhythm. The chromatin of such nuclei was condensed 
and located mainly along the periphery of the nucleus. The 
sarcoplasm of such cardiomyocytes contained a fuchsino-
philic substrate, an indicator of ischemic damage that ac-
cumulated near the nuclei, and also in the form of uneven 
thin interlayer interstitial layers.
Changes in the microcirculatory vessels and inter-
stitium in newborn pups as well as in females differed 
in polymorphism. Arterioles and small intramural arteries 
were quite rare and looked significantly altered: their walls 
were thickened, homogenized. The lumen in such vessels 
was sliced or not, apparently, due to spasm and edema of 
endotheliocytes (Fig. 3). The full-blooded capillaries had 
unevenly colored contours, the distance between the cap-
illaries and cardiomyocytes was significantly enlarged, 
which naturally made it difficult to transport substrates 
connective tissue. Hematoxylin-eosin staining. Magnification x 400
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and oxygen from the bloodstream directly to the working 
cells. In addition, almost all the vessels were enveloped 
in thin fibers of immature loose connective tissue, which 
indicated the initial stages of myocardial remodeling. In 
some sections, diapedesis of erythrocytes was revealed 
in the interstitium, which indirectly indicated disturbance 
of tissue respiration processes. Furthermore the cardio-
myocytes of the newborns looked either unevenly hyper-
trophic or sharply thinned. Near some nuclei or inside them 
there were oxyphilic inclusions, similar to apoptotic bod-
ies. Most of the cadiomyocytes were separated from each 
other due to interstitial edema, and also had contracture 
changes (Fig. 3).
According to transmissive electron microscopy data 
(TEM), endotheliocytes of capillaries of pregnant rats af-
ter hypoxia were thinned, the level of micropinocytosis 
in them was reduced. Some capillaries were marked by 
tortuosity of the luminal surface (Fig. 4).
Figure 3. Perivascular and interstitial edema, collagenogenesis in perivascular space. Contractual changes and focal fragmentation of 
myocardial muscle fibers Hematoxylin-eosin staining. Mag. x 80
Figure 4. The walls of the full-blooded capillary are osmiophilic. Pericapillary space is widened and filled with a fibrous component 
of loose connective tissue (arrows). Small-focal and diffuse lysis of myofibrillar bundles. TEM. Mag. x 12,000
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The lumen of the majority of the vessels was compen-
satively expanded, slugging was observed, as well as the 
adhesion of the formed blood elements to the wall of the 
capillaries, which appeared, apparently, due to disruption 
of the basement membrane structure. The space between 
the capillary membrane of the capillaries and the cardio-
myocytes (adventitial layer) was mainly enlarged and filled 
predominantly with a fibrous component of loose connec-
tive tissue (in which collagen fibers prevailed), less often – 
electron-transparent amorphous matter of weak electron 
density (in which individual fibrous structures were located 
such as collagen fibers). In the latter case, the pericapillary 
space was highly enlightened, it revealed areas of a sub-
stance whose weak electron-optical density is identical to 
the plasma density in the capillary lumen. The outlines of 
these sections were not clear. The walls of most capillar-
ies were sharply osmiophilic, apparently impregnated with 
plasma. Cardiomyocytes, which were located near similar 
vessels, were characterized by fine-focal and diffuse lysis 
of myofibrillar bundles, the so-called “melting” of my-
ofibrils. To a greater extent, I-bands were lysed, in which 
thin (actin) filaments were located. Myofibrils became less 
dense, many sarcomeres showed voids, in some cases total 
lysis of myofilaments within the sarcomere was noted. Sig-
nificant destruction was also caused by sarcomeres in the 
area of intercalary discs and in the perinuclear zone.
The examonation of myocardial electronograms of 
newborn rat pups revealed that the cytoplasm of the en-
dothelial cell cytoplasm in one and the same capillary is 
sharply enlightened in some cells, which indicates the 
swelling of the cytoplasm, while in other cells it became 
electronically optically dense (Fig. 5).
If the matrix of the endothelial cell was enlightened, 
then in the cytoplasm, single micropinocytosis vesicles of 
a closed type of small size, mainly located along the free 
and basal margins of the cytoplasm were visualized. When 
the matrix of the cytoplasm of the endothelial cell is com-
pacted, the micropinocytosis vesicles of various types are 
located along the basal and free margins of the cytoplasm 
as well as in the cytoplasm itself. Moreover, larger pinocy-
tosis vesicles were often present in the cytoplasm of dark 
endotheliocytes. Small vesicles had electronically optically 
weakly dense contents. Large vesicles, on the other hand, 
were electronically optically transparent. The basal mem-
brane of the capillaries looked enlarged, multilayered.  Di-
apedesis hemorrhages were often detected.  as well as non-
essential for the myocardium fenestrated capillaries, which 
appeared, apparently due to partial destruction of endothe-
liocytes. In the cytoplasm of endothelial cells numerous 
folds and bays were observed on the luminal surface of the 
cells, sometimes with the detachment of protruding parts 
of the endotheliocytes into the lumen of the vessel.  In the 
endotheliocytes and neighboring cardiomyocytes, a large 
number of mitochondria with an enlightened matrix and 
destroyed cristae also occurred, which indicated the devel-
opment of mitochondrial dysfunction.
Figure 5. The electron-dense endotheliocyte with micropinocytosis vesicles, which contain layered contents, the nucleus of the endo-
theliocyte has pointed invaginate. Destruction of the basal membrane. In the lumen of the capillary there is a large number 
of leukocytes. TEM. Mag. x18000
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According to the authors’ observations, the changes 
in the contractile apparatus of cardiomyocytes – atrophy 
and lysis of myofibrils – were most pronounced at the pe-
riphery of the cardiomyocytes, near the capillaries. A simi-
lar condition of the microcirculatory vessels accompanies 
absolutely all types of cardiomyopathies, regardless of the 
genesis of the disease. Cell-stromal relationships on the 
background of chronic myocardial ischemia cause destruc-
tive processes of myocardial remodeling. The final mor-
phological outcome of prolonged hypoxic heart damage 
can be focal dystrophy of the myocardium, which leads to 
the development of chronic heart failure and the appear-
ance of life-threatening arrhythmias.
Thus, the analysis of the morphology of the microvas-
culature of the vascular bed in pregnant and neonatal rats 
who underwent hemic hypoxia revealed similar dystrophic 
and destructive changes, which are more severe in neo-
natal rats. It is well known that as a highly specialized 
tissue, the myocardium receives practically all substrates 
oxygen in conditions of hemic hypoxia, which is exacer-
bated by dysfunction of the circulatory pathway, inevita-
bly affects the morphological state of cardiomyocytes, their 
contractility.
Early diagnosis and timely correction of the revealed 
pathological changes from the heart in children of the first 
year of life can become the most important factor in reduc-
ing the frequency and severity of cardiovascular pathology 
in newborns and pregnant women. A new approach in the 
therapy of hypoxic damage is the development of a class 
of pharmacological preparations of antihypoxants capable 
of reducing or eliminating manifestations of hypoxia, by 
maintaining the minimum permissible energy metabolism 
in the cell, especially in the early post-hypoxic period.
4. Conclusions
1. Chronic hemic hypoxia has a vivid pathological ef-
fect on the myocardium of pregnant and newborn rats, the 
effect of hypoxia on the myocardium of pups was more 
pronounced.
2. The main morphological signs of nitrite damage to 
the myocardium in pregnant rats and their pups were pre-
sent in the form of mixed dystrophy, edema and lesions 
of endotheliocytes and contractile cardiomyocytes, lysis 
of myofibrils, and the appearance of over-contractions. 
Hemodynamic disturbances were observed everywhere, 
those were perivascular edema, capillary plethora, deso-
lation and spasm of arterioles. In the perivascular space 
thin interlayers of connective tissue were defined and that 
further exacerbated the transport of substrates and oxygen 
from the bloodstream to the working cells under hypoxic 
conditions.
3. Structural changes in the microcapillaries due to 
the additional ischemia aggravate pathological changes 
in the contractile apparatus of cardiomyocytes under hy-
poxia, since atrophy and lysis of myofibrils were most pro-
nounced near damaged capillaries.
4. The described changes can promote the development 
of myocardial insufficiency.
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